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Description 

The present invention relates to a balloon used for 
various kinds of balloon catheters, especially for a dila- 
tation catheter used for expanding a stenotic lesion in s 
the blood vessel, a catheter equipped with the balloon, 
and the method of manufacturing the balloon. 

There are proposed some methods of manufactur- 
ing a balloon for a catheter balloon. For example, is a 
method of manufacturing a biaxially-drawn polymer bal- 10 
loon proposed, in which a thin wall tubular parison is 
formed out of a drawable semicrystaliine polymer, the 
parison is stretched out in the direction of its length and 
then inflated radially at a temperature ranging from the 
second-order transition temperature to the first-order 15 
transition temperature, and the thus-drawn parison is 
cooled below the second-order transition temperature 
and deflated. 

Another method of manufacturing a biaxially-drawn 
polymer balloon is proposed in Japanese Patent Provi- 20 
sional Publication gazette No 183070/1988 (JP-A-63- 
183070), in which the parison drawn by the same 
method is heated to a temperature above the drawing 
temperature while drawn to raise the crystallinity and 
then cooled below the second-order transition tempera- 2$ 
ture. 

The catheter balloon manufactured by the above 
conventional methods consists of a cylindrical portion of 
uniform diameter, tapered portions at the front and rear 
of the cylindrical portion, and thinner cylindrical con- 30 
necting portions at the front and rear of the tapered por- 
tions. 

The wall thickness of the catheter balloon made by 
the above methods is not uniform and the walls of both 
tapered portions are thicker than that of the cylindrical as 
portion. More specifically, the wail thickneses b1 and b2 
of the middle parts of the tapered portions are thicker 
than the thickness a of the cylindrical portion as shown 
in Figure 4. Here the middle part of the tapered portions 
3a and 3b means the vicinity of the middle point of their 40 
length along the axis of the balloon 1 . Because of their 
thicker walls, the tapered portions wrinkle when the bal- 
loon is folded and the wrinkles are angular, protuberant 
and stiff. These wrinkles can hinder the smooth inser- 
tion of the balloon into a stenotic lesion in the blood ves- 45 
sel or hurt the inside surface of the blood vessel to 
cause thrombosis or stenosis. 

EP-0 318 919 discloses a method of forming an 
inflatable medical balloon which comprises: 

so 

a) providing a tube of a selected resin of wall thick- 
ness and diameter suitable for being formed into a 
balloon for a balloon catheter device; 

b) selectively heating to drawing temperature a 
defined region of said tube at an end of the portion 65 
of the tube from which the balloon is to be formed; 

c) applying tension in opposite directions to respec- 
tive ends of said heated region to draw the region to 
a smaller diameter, thereby providing a preform 


having, at the end of said portion of tube, a tapered 
relatively small diameter region comprised of mate- 
rial that has substantially no crystallization or 
molecular orientation; 

d) thereafter heating said tubular preform to blowing 
temperature and, while heated, forming a balloon 
by drawing and blowing said preform including said 
tapered region; and 

e) mounting said balloon to form a balloon catheter 
device, 

said step of preforming said tapered end region 
enabling the corresponding section of the blown balloon 
to have a separately controllable thickness profile. 

The drawing to form the preform and the step of 
drawing and blowing the preform are so related that the 
wall thickness of the main body of the balloon and the 
wall thickness of a tapered transition section of the bal- 
loon are of substantially equal value or the wall of the 
transition section is thinner. 

The present invention provides an improved cathe- 
ter balloon the protrusion and angulateness of the 
tapered portions of which when folded are small and 
soft and which can be inserted into the blood vessel 
without hurting the inside surface of the blood vessel 
and easily passed through a stenotic lesion. 

The present invention also provides a balloon cath- 
eter using the balloon of the present invention and a 
method of manufacturing a catheter balloon. 

Hie catheter balloon of the present invention is 
made of a polymer, and comprises a cylindrical portion 
of substantially uniform diameter, tapered portions at 
the front and rear of the cylindrical portion and connect- 
ing portions at the front and rear of the tapered portions, 
the wall thicknesses (B) of middle parts of the tapered 
portions being equal to or smaller than 1.2 times the 
wall thickness (A) of the cylindrical portion (B/A * 1.2). 
According to the present invention, the wall thickness of 
the front tapered portion is thinner than the wall thick- 
ness of the rear tapered portion. 

The balloon catheter of the present invention com- 
prises a tubular catheter body and a balloon, the balloon 
being made of a polymer and comprising a cylindrical 
portion of substantially uniform diameter, tapered por- 
tions at the front and rear of the cylindrical portion and 
connecting portions at the front and rear of the tapered 
portions, the wall thicknesses (B) of middle parts of the 
tapered portions being equal to or smaller than 1 .2 
times the wall thickness (A) of the cylindrical portion 
(B/A £ 1.2), and the wall thickness of the front tapered 
portion being thinner than the wall thickness of the rear 
tapered portion. 

The method of the present invention of manufactur- 
ing a catheter balloon comprises forming a tubular pari- 
son made of a drawable polymer, heating the tubular 
parison at a temperature ranging from the second-order 
transition temperature to the first-order transition tem- 
perature of the polymer used, then stretching it in the 
direction of its axis and then inflating it radially while 
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heated, thereafter cooling the stretched and inflated 
tubular pari son below the second-order transition tem- 
perature of the polymer, and then deflating it to form a 
crude balloon thus having a cylindrical portion of a sub- 
stantially uniform desired diameter and desired wall 
thickness, tapered portions having wall thicknesses 
thicker than desired at the front and rear of the cylindri- 
cal portion and connecting portions at the front and the 
rear of the tapered portions, and then redrawing the 
tapered portions of the crude balloon to reduce their 
wall thicknesses to desired thicknesses by stretching 
the tapered portions in the direction of the axis of the 
crude balloon, the redrawing rate of the front tapered 
portion being higher than the redrawing rate of the rear 
tapered portion. By this method, the catheter balloon of 
the present invention can be manufactured easily at a 
low cost 

Figure 1 is a sectional view of an embodiment of the 
catheter balloon of the present invention. 

Figure 2 is a sectional view of the metal mold for 
forming the balloon of the present invention. 

Figure 3 is a sectional view of a jig for redrawing a 
crude balloon. 

Figure 4 is a sectional view of the partially formed 
crude balloon before it has been drawn/redrawn. 

Figure 5 is a sectional view of the distal end portion 
of a dilatation catheter comprising of the catheter bal- 
loon of the present invention. 

Figure 6 is a sectional view of the proximal end por- 
tion of the same balloon catheter. 

Figure 7 is a diagrammatic view of the balloon of 
the present invention attached to a catheter body and 
folded around the catheter body. 

Figure 8 is a diagrammatic view of a conventional 
balloon attached to a catheter body and folded around 
the catheter body. 

Rgure 1 is a sectional view of an embodiment of the 
catheter balloon of the present invention. 

A catheter balloon 1 of the present invention is 
made of a polymer, and comprises a cylindrical portion 
2 of substantially uniform diameter, tapered portions 3a 
and 3b at the front and rear of the cylindrical portion and 
tubular connecting portions 4a and 4b at the front and 
rear of the tapered portions, and is characterized in that 
the wall thicknesses (B) of the middle parts of the 
tapered portions are equal to or smaller than 1 .2 times 
the wall thickness (A) of the cylindrical portion (B/A s 
1 .2). Since the walls of the tapered portions are thin, the 
protrusion and angulateness of wrinkles caused by the 
tapered portions when the balloon is folded are smaller 
and softer than those of conventional balloons. There- 
fore, the balloon of the present invention, when used in 
a dilatation catheter, can be inserted easily in the blood 
vessel without hurting the inside surface of the blood 
vessel and thereby causing new thrombosis or stenosis. 

This balloon 1 is intended to be used with a dilata- 
tion catheter. The balloon 1 is made of a polymer. It is 
folded around the tubular catheter body when the bal- 
loon is deflated. 


The cylindrical portion 2 has the largest diameter of 
the balloon and as mentioned above is of uniform diam- 
eter over Hs length. In the meaning of the present inven- 
tion, the expression "cylindrical portion 2" not only 

s designates a right cylinder, but is also intended to 
encompass polygonal prismatic configurations. 

The tapered portions 3a and 3b extend from the 
front and rear ends of the cylindrical portion 2 respec- 
tively and become gradually smaller in diameter. 

w The connecting portions 4a and 4b extend respec- 
tively from the front and rear tapered portions 3a and 3b 
and have a cylindrical configuration of a substantially 
uniform diameter smaller than that of the cylindrical por- 
tion 2. The balloon 1 is attached to a catheter body by 

is the connecting portions 4a and 4b. 

The tapered portions 3a and 3b and the connecting 
portions 4a and 4b may be different from each other in 
their conf iguration and diameter as shown in Rgure 1 . 
The outside diameter of the cylindrical portion 2 

20 when the balloon is expanded is 1 .0 to 35.0 mm, prefer- 
ably 1 .5 to 35.0 mm, the length of the cylindrical portion 
2 is 3.0 to 80.0 mm, preferably 10.0 to 75.0 mm, and the 
overall length of the balloon is 5.0 to 120.0 mm, prefer- 
ably 15.0 to 100.0 mm. 

25 As shown in Rgure 1, the wall thickness A of the 
cylindrical portion 2 and those indicated by B1 and B2 of 
the middle parts of the tapered portions 3a and 3b are 
formed so that be B1/A s 1.2, preferably 0.3 s B1/A s 
0.9 or B1/A s 1.2 and B2/A s 1 .2, preferably 0.3 s B1/A 

30 ^ 0.9 and 0.3 s B2/A £ 0.9. 

if B1/A (and B2/A) is equal to or smaller than 0.9, 
the protrusion and angulateness of the tapered portions 
3a and 3b when the balloon is folded are small and soft. 
If B1/A (and B2/A) is equal to or greater than 0.3, the 

as walls of the tapered portions 3a and 3b have an ade- 
quate strength. According to the invention the wall thick- 
ness B1 of the front tapered portion 3a is thinner than 
the wall thickness B2 of the rear tapered portion 3b 
(B1<B2). 

40 It is preferable that the balloon 1 be drawn biaxially. 
For this purpose, the balloon 1 is drawn both in the 
direction of its axis and in the direction perpendicular to 
its axis. By thus drawing biaxially, the wall thickness of 
the balloon 1 becomes thinner and the strength of the 

45 balloon 1 increases. 

It is further preferable that the tapered portions 3a 
and 3b are redrawn. By redrawing the tapered portions 
3a and 3b, their wall thicknesses can be made thinner 
as desired. 

so Polymers usable for the balloon of the present 
invention are, for example, poty(ethylene terephthalate), 
a polyester ( ethylene terephthalate copolymer ) having 
a different principal acid or principal glycol, a mixture of 
pdy(ethylene terephthalate) and a polyester other than 

ss poly(ethylene terephthalate). a mixture of polyethylene 
terephthalate) and polyolef in (for example, polyethylene 
and polypropylene), or polyethylene terephthalate) 
copolymer. 
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The polyesters usable for the balloon of the present 
Invention are those obtained using isophthalic acid, 
orthophthaiic acid, naphthalene ticarbaxylic add, para- 
phenylene dicarboxylic acid, cyclohexane dicarboxylic 
acid, succinic acid, glutaric acid, adipic acid, suberic 5 
acid, azelaic acid, sebacic acid, dodecane-dicarboxylic 
acid, trimellrtic acid, pyromellitic acid, sulfbisophthalic 
acid and their salts for the principal acid and using poly- 
propylene glycol, butanediol, pentanediol, hexanediol, 
neopentyle glycol, diethyl ene glycol, tri ethylene glycol, w 
polyethylene glycol, polytetramethylene glycol, 
cyclohexane dimethanol, bisphenol-A-ethylene oxide 
adduct. trimethylol propane, pentaerythritol for the prin- 
cipal glycol. 

In the method of the present invention for manufac- is 
turing a catheter balloon, a tubular parison is first 
formed of a drawable or orientable polymer. Next the 
parison is heated at a temperature in the range from the 
second-order transition temperature to the first-order 
transition temperature of the polymer used. The heated 20 
parison is stretched in the direction of its axis and then 
inflated radially. While stretched and inflated, the pari- 
son is cooled below the second-order transition temper- 
ature of the polymer and deflated. Thus obtained is a 
partially shaped or crude balloon. Next the tapered por- 25 
tions of the crude balloon are redrawn by stretching to 
reduce their wall thickness. The balloon is inflated again 
and heated above the second transition temperature of 
the polymer. The balloon is cooled while inflated and 
deflated. » 

Each step of the above process is descrfoed below 
in detail. 

First, a tubular parison 17 as shown in Figure 2 is 
formed of a drawable polymer. The polymers described 
above can be used for the material. 35 

Next the tube 17 is put into a metal mold 10 as 
shown in Figure 2 and one end of the tubular parison 1 7 
is clamped in an air-tight fashion (not shown). The 
clamping is made by melting under heat or by means of 
a forceps. Figure 2 is a sectional view of a metal mold 40 
10 for forming the balloon. The metal mold 10 is pro- 
vided with a heating coil 12 and a cooling conduit 13. 
The metal mold 1 0 is of the divided type and comprises 
metal mold parts 1 5 and 1 6 the inside surfaces of which 
are formed to conform to the external shape of the 45 
crude balloon when the metal mold parts 1 5 and 16 are 
combined. 

As shown in Figure 2, the tubular parison 1 7 is then 
heated to a temperature in the range from the second- 
order transition temperature to the first-order transition go 
temperature of the polymer used, more specifically a 
temperature slightly higher than the second-order tran- 
sition temperature, by turning on heater 12. While being 
heated, the tubular parison 1 7 is stretched along its axis 
by pulling it in the directions indicated by arrows X and 55 
Y, then inflated by introducing air under pressure in the 
direction indicated by Z so that the heated part of the 
tubular parison 17 is tightly pressed against the inside 
surfaces of the metal mold parts 15 and 16. While 


inflated, the tubular parison 1 7 is cooled below the sec- 
ond-order transition temperature of the polymer by cir- 
culating a cooling liquid in the cooling conduit 13. The 
tubular parison 17 may also be cooled by free cooling, 
that is without using a cooling liquid. After the tubular 
parison 1 7 has cooled, the air inside the tubular parison 
17 is released and the tubular parison 17 is taken out 
from the metal mold 1 0. Then the front and rear end por- 
tions of the tubular parison 1 7 are cut off and a biaxially- 
drawn or biaxially-oriented crude balloon 50 as shown 
in Figure 4 is obtained. The crude balloon has a cylindri- 
cal portion of a substantially uniform desired diameter 
and desired wall thickness, tapered portions of wall 
thickness thicker than a desired thickness at the front 
and rear of the cylindrical portion and connecting por- 
tions at the front and the rear of the tapered portions. 
This drawing process may be repeated two or more 
times as necessary to obtain a crude balloon with the 
desired wall thickness. 

The tapered portions 3a and 3b of the crude bal- 
loon are redrawn to reduce their wall thicknesses. Fig- 
ure 3 is a sectional view of a jig for stretching the 
tapered portions 3a and 3b. The jig 20 has two clamps 
25a and 25b for holding firmly the crude balloon. The 
damp 25b is movabty supported on a base 28 and can 
be moved toward and away from the other clamp 25a by 
turning a crank 22 on the end of a threaded bar. Any 
desired part of the crude balloon can be stretched by 
clamping both sides of that part with the clamps 25a 
and 25b and then moving clamp 25b to increase dis- 
tance L between clamps 25a and 25b by turning the 
crank 22. The wall thickness of the tapered portions 3a 
and 3b can be made thinner as desired by this redraw- 
ing. It is preferable the redrawing rate of the front 
tapered portion 3a be higher than the redrawing rate of 
the rear tapered portion 3b. It is preferable to heat the 
parts of the crude balloon before stretching. The con- 
necting portions 4a and 4b may be stretched together 
with the tapered portions 3a and 3b as necessary. 

After being stretched, the balloon is placed into a 
metal mold (not shown), inflated by pressured air, 
heated above the second-order transition temperature 
of the polymer and then cooled below that temperature 
while inflated. As the result the balloon 1 of the present 
invention is obtained. 

A balloon catheter according to the present inven- 
tion will now be described in connection with Figures 5 
and a 

Figure 5 is a sectional view of the distal end portion 
of a catheter, and Figure 6 is a sectional view of the 
proximal end portion of the same catheter. 

In the embodiment shown in Figures 5 and 6 the 
catheter is a dilatation catheter equipped with the cath- 
eter balloon of the present invention. 

The balloon catheter 30 consists of a tubular cathe- 
ter body comprising an inner tube 24, an outer tube 35, 
a branched sleeve 31 and a balloon 1 . 

The inner tube 24 has a first lumen 34 terminated 
by open proximal and distal ends. The first lumen 34 is 
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used for passing a guide wire and is in communication 
with a first bore 39 in sleeve 31 (described later) serving 
as a guide wire port Inner tube 24 has an outside diam- 
eter of 0.30 to 2.50 mm, preferably 0.40 to 2.00 mm and 
an inside diameter of 0.20 to 2.35 mm, preferably 0.25 
to 1.70 mm. 

Preferably the material forming the inner tube 24 
will have a certain amount of flexibility. Materials usable 
for the inner tube 24 are thermoplastic resins [such as 
polyolefin (polyethylene, polypropylene, ethylene-pro- 
pylene copolymer, ethyiene-vinyl acetate copolymer, 
etc.), polyvinyl chloride, polyurethane, polyamide elas- 
tomer], silicone rubber and latex rubber. Of the above 
materials, thermoplastic resins are preferable and olefin 
resins are more preferable. 

Outer tube 35 surrounds inner tube 24 and is 
shorter than the inner tube 24 so as to allow the distal 
end portion of the inner tube 24 to extend out of its distal 
end. Outer tube 35 is sized so that a second lumen 36 
is formed between the inside surface of the outer tube 
35 and the outside surface of the inner tube 24. The 
second lumen 36 is in communication with the inside of 
the balloon 1 at its distal end. The proximal end of the 
second lumen 36 is in communication with a second 
bore 41 in branched sleeve 31 used as an injection port 
to inject a liquid for expanding the balloon 1. 

The outer tube 35 has an outside diameter of 0.50 
to 4.30 mm, preferably 0.60 to 4.00 mm and an internal 
diameter of 0.40 to 3.80 mm, preferably 0.50 to 3.00 
mm. 

Preferably the material for forming the outer tube 35 
will have a certain amount of flexibility. The materials 
usable for the outer tube 35 are thermoplastic resins 
[such as polyolefin (polyethylene, polypropylene, ethyl- 
ene-propylene copolymer, elhylene-vinyl acetate copol- 
ymer, etc.), polyvinyl chloride, polyurethane. polyamide 
elastomer], silicone rubber and latex rubber. Of the 
above materials, thermoplastic resins are preferable 
and olefin resins are more preferable. 

The balloon 1 is foldable and is folded around the 
inner tube 24 when it is not expanded. It has a hollow 
cylindrical portion 2 of a substantially uniform diameter 
so that a stenotic lesion in the blood vessel can be eas- 
ily dilated. The cylindrical portion 2 may not necessarily 
be in the shape of a right cylinder but may as well be in 
the shape of a prism. A connecting portion 4b of the bal- 
loon 1 is connected with the distal end portion of the 
outer tube 35 in a liquid-tight manner by means of adhe- 
sive bonds or by heating. The other connecting portion 
4a is connected with the inner tube 24 near the distal 
end in the same manner as the connecting portion 4b. 

The outside surface of the inner tube 24 from the 
front end of the connecting portion 4a to the distal end 
of the inner tube 24 is coated with a soft resin layer 5. 
The rear end of the soft resin layer 5 has substantially 
the same thickness as that of the connecting portion 4a 
to fill the step at the front end of the connecting portion 
4a. The front end of the soft resin layer 5 is so rounded 
by cutting off the outside edge that the rounded end of 


the soft resin layer 5 and that of the inner tube 24 form 
a continuous curved surface. The soft resin layer 5 and 
its rounded front end reduce the frictional resistance 
between the distal end of the balloon catheter (the distal 

5 end of the inner tube) and the inside surface of a guide 
catheter when the balloon catheter is inserted through 
the guide catheter and between the distal end of the bal- 
loon catheter and the inside surface of the blood vessel 
when the balloon catheter is advanced in the blood ves- 

w sel. 

Balloon 1 forms a hollow space 45 between its 
inside surface and the outside surface of the inner tube 
24. The rear end of the hollow space 45 is in communi- 
cation with the second lumen 36. Since the second 

15 lumen 36 has a comparatively large sectional area, 
injection of a liquid into the balloon 1 is easy. 

Balloon 1 has tapered portions 3a and 3b formed 
from the front end of the cylindrical portion 2 to the front 
connecting portion 4a and from the rear end of the cylin- 

20 drical portion 2 to the rear connecting portion 4b. 

The outside diameter of the cylindrical portion when 
expanded is 1 .00 to 35.00 mm, preferably 1 .50 to 3.00 
mm; the length of the cylindrical portion when expanded 
is 3.00 to 80.00 mm, preferably 10.00 to 75.00 mm; and 

25 the overall length of the balloon is 5.00 to 120.00 mm, 
preferably 15.00 to 100.00 mm. 

As shown in Figure 1, the wall thickness A of the 
cylindrical portion 2 and those indicated by B1 and B2 of 
the middle parts of the tapered portions 3a and 3b are 

30 formed so that B1/A s 1 .2, preferably 0.3 s B1/A s 0.9 
or B1/A s 1 .2 and B2/A s 1.2, preferably 0.3 s B1/A s 
0.9 and 0.3 B2/A s 0.9. According to the invention the 
wall thickness B1 of the front tapered potion 3a is thin- 
ner than the wall thickness B2 of the rear tapered por- 

ss tion 3b. 

It is also preferable to provide the outside surface of 
the inner tube 24 with a marker 44 to facilitate the X-ray 
localization of the cylindrical portion 2. Preferably the 
marker 44 has substantially the same length as that of 

40 the cylindrical portion 2 and is disposed on the outside 
surface of the inner tube 24 inside the hollow space of 
the balloon 1 so that its ends are substantially at the 
same positions as those of the cylindrical portion 2. For 
the material of the marker 44, substances impervious or 

45 only slightly pervious to radiation such as gold, plati- 
num, tungsten, stainless-steel and their alloys and sil- 
ver-palladium alloys are preferable. A preferable 
configuration of marker 44 is a coil spring, and more 
preferably a coil spring having closely coiled portions of 

so 1 to 4 mm, preferably 2 to 3 mm at both ends as shown 
in Figure 5. A marker of coil spring configuration pro- 
vides also a reinforcement which prevents bending and 
collapsing of the inner tube 24 in the blood vessel. The 
closely coiled portions at the ends of a spring coil make 

55 the X-ray localization of the cylindrical portion 2 easier. 
Moreover, if a single closely-coiled coil spring is fit- 
ted on the outside surface of the inner tube 24, the f lex- 
ural rigidity of this portion is much more increased. 
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The cross section of the wire material of the coil 
spring may be rectangular, circular, square, elliptic or of 
any other shape. 

The branched sleeve 31 consists of a inner-tubular 
element 52 and an outer-tubular element 53. 

Inner tubular element 52 is attached to the proximal 
end of the inner tube 24 and provided with the afore- 
mentioned first bore 39 communicating with the first 
lumen 34 and serving as a guide wire port 

The outer tubular element 53 is attached to the 
proximal end of the outer tube 35 and provided with the 
aforementioned second bore 41 communicating with 
the second lumen 36 and serving as a injection port. 

The inner tubular element 52 and outer tubular ele- 
ment 53 are connected together into one body. 

In the embodiment shown in Figure 6, a reinforcing 
tube 50 is fitted over the proximal end portion of the 
outer tube 35. The reinforcing tube 50 is made of a heat- 
shrinkage material. Reinforcing tube 50 is fitted on the 
outer tube 35 by forming tube 50 so that its inside diam- 
eter is slightly greater than the outer diameter of the 
outer tube, placing it on the outer tube, and heating it 
for example, by blowing hot air. 

The proximal end of the outer tube 35 is secured to 
the outer tubular element 53 by means of a clamping 
member 61 . Clamping member 61 has a cylindrical por- 
tion of about the same outside diameter as the inside 
diameter of the outer tube 35 and about the same inside 
diameter as the outside diameter of the inner tube 24 
and a flared rear end portion of a diameter greater than 
the outside diameter of the reinforcing tube 50. To 
secure the outer tube 35 to the outer tubular element 
53, the clamping member 61 is inserted into the rear 
end of the outer tube 35 and the outer tube 35 is then 
inserted into the outer tubular element 53 from the distal 
end until the flared rear end of the clamping member 61 
overrides a projection 54 in the inside surface of the 
outer tubular element 53. An adhesive bond may be 
applied between the inside surface of the outer tubular 
element 53 and the outside surface of the reinforcing 
tube 50. 

Preferable materials for the outer tubular element 
53 are thermoplastic resins such as polycarbonate, 
polyamide, polysuKone. polyacryfate and methacrylate- 
butyi ene-styrene-copolymer. 

A reinforcing tube 60 is fitted over the proximal end 
portion of the inner tube 24. The reinforcing tube 60 is 
made of a heat-shrinkable material. Reinforcing tube 60 
is fitted on the inner tube 24 by forming tube 60 so that 
its inside diameter is slightly greater than the outside 
diameter of the inner tube, putting it on the inner tube, 
and heating it for example, by blowing hot air. 

The proximal end of the inner tube 24 is secured to 
the inner tubular element 52 by means of a clamping 
member 62. Clamping member 62 has a cylindrical por- 
tion of about the same outside diameter as the inside 
diameter of the inner tube 24 and a flared rear end por- 
tion of a diameter greater than the outside diameter of 
the reinforcing tube 60. To secure the inner tube 24 to 


the inner tubular element 52, the clamping member 62 
is inserted into the rear end of the inner tube 24 and the 
inner tube 24 is then inserted into the inner tubular ele- 
ment 52 from the distal end until the flared rear end of 

5 the clamping member 62 overrides a projection 64 in 
the inside surface of the inner tubular element 52. An 
adhesive bond may be applied between the inside sur- 
face of the inner tubular element 52 and the outside sur- 
face of the reinforcing tube 60. 

10 Preferable materials for the inner-tube 52. thermo- 
plastic resins such as polycarbonate, polyamide. 
polysutfone, polyacrylate and methacrylate-butyiene- 
styrene-copolyrner. 

The inner tubular element 52 and the outer tubular 

75 element 53 are connected together by fitting the front 
end portion of the inner tubular element 52 in the rear 
end portion of the outer tubular element 53 as shown in 
Figure 6. They can be securely connected by applying 
an adhesive bond. 

20 Instead of such a sleeve, tubular port members with 
a bore in their rear end may be connected to the inner 
and outer tubes respectively in a liquid-tight fashion so 
that the bore of each port member is in communication 
with the corresponding lumen of the balloon. 

25 

Example 1 

A tubular parison was formed of high molecular 
weight poly(ethylene terephthalate) of the specific vis- 

30 cosity of about 1.1 (UNI PET® RT580 from Japan Uni- 
pet. molecular weight about 40.000) by extrusion 
molding. This parison was 0.6 mm inside diameter, 1.0 
mm outside diameter, and 0.2 mm wall thickness. 
The parison was placed in a metal mold as shown 

35 in Figure 2, heated at 85 °C, stretched 1.6 times in the 
direction of its axis, inflated by pressured air so as to be 
pressed tightly against the inside surface of the metal 
mold, and cooled. The drawing ratio of the cylindrical 
portion resulting from the inflation was about 5 on the 

40 inside diameter and about 3 on the outside diameter. 

The wall thicknesses of the crude balloon a, bl , and 
b2 shown in Figure 4 were 0.013 mm, 0.020 mm and 
0.016 mm, respectively. The ratios of the outside diam- 
eter of the cylindrical portion to those of the connecting 

45 portions f/d and t/e were 2.31 and 2.00. The ratios of the 
wall thicknesses of the middle parts of the tapered por- 
tions to that of the cylindrical portion b1/a and b2/a were 
1 .54 and 1 .23 respectively. 

Each tapered portion of this crude balloon was 

so stretched about 3 times in the direction of the axis of the 
crude balloon using a jig as shown in Figure 3. The 
crude balloon was then inflated by pressured air and 
heated at 150 °C to heat set. Thus the balloon of the 
present invention was obtained. 

65 The wall thicknesses of the balloon A, B1 , B2, D, E 
and F shown in Figure 1 were 0.013 mm, 0.013 mm, 
0.010 mm, 0.80 mm, 1.20 mm and 3.00 mm, respec- 
tively. The ratios of the outside diameter of the cylindri- 
cal portion to those of the connecting portions F/D and 
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F/E were 3.75 and 2.50 respectively. The ratios of the 
wall thicknesses of the middle parts of the tapered por- 
tions to that of the cylindrical portion B1/A and B2/A 
were 1.00 and 0.77 respectively. 

5 

Example 2 

A tubular parison was formed of PET copolymer 
resin (copolymer of polyethylene and terephthalic acid 
and isophthalic acid) of the specific viscosity of about w 
0.8 (UNIPET® RN165 from Japan Unipet molecular 
weight about 30,000) by extrusion molding. This parison 
has an inside diameter of 0.40 mm, an outside diameter 
of 0.72 mm, and a wall thickness of 0.16 mm. 

A crude balloon was formed from this parison by is 
heating it at 85 °C, stretching h in the direction of its axis 
and inflated it in the same manner as in example 1 . The 
drawing ratio in the direction of the axis was 2.5. The 
drawing ratio of the cylindrical portion resulting from the 
inflation was about 4.9 on the inside diameter and about 20 
2.8 on the outside diameter. 

The wall thicknesses of the crude balloon a, b1 , and 
b2 shown in Figure 4 were 0.011 mm, 0.016 mm and 
0.014 mm, respectively. The ratios of the outside diam- 
eter of the cylindrical portion to those of the connecting 2s 
portions f/d and Ve were 2.00 and 1 .67 respectively. The 
ratios of the wall thicknesses of the middle parts of the 
tapered portions to that of the cylindrical portion b1/a 
and b2/a were 1 .45 and 1 .27 respectively. 

Each tapered portion of this crude balloon was 30 
stretched about 3 times (but the drawing rate of the 
front tapered portion was higher than the drawing rate of 
the rear tapered portion) in the direction of the axis of 
the crude balloon while heating the tapered portion and 
connecting portion at about 100 °C by hot air. This ss 
crude balloon was inflated again and heated at 1 50 °C. 

The wall thicknesses of the balloon A, B1, and B2 
shown in Figure 1 were 0.01 1 mm, 0.009 mm and 0.01 0 
mm. The ratios of the outside diameter of the cylindrical 
portion to those of the connecting portions F/D and F/E 40 
were 2.50 and 1 .67 respectively. The ratios of the wall 
thicknesses of the middle parts of the tapered portions 
to that of the cylindrical portion B1/A and B2/A were 
0.82 and 0.91 respectively. 

46 

Example 3 

A tubular parison was formed of PET copolymer 
resin of the specific viscosity of about 0.8 (UNIPET* 9 
RN165 from Japan Unipet, molecular weight about so 
30,000) by extrusion molding. This parison had an 
inside diameter of 0.6 mm, an outside diameter of 1 .082 
mm and a wall thickness of 0.24 mm. 

A crude balloon was formed from this parison by 
heating it at 90 °C, stretching h in the direction of its axe ss 
and inflated it in the same manner as in example 1 . The 
drawing ratio in the direction of the axis was 2.5. The 
drawing ratio of the cylindrical portion resulting from the 


inflation was about 5.8 on the inside diameter and about 
3.2 on the outside diameter. 

The wall thicknesses of the crude balloon a, b1 , and 
b2 shown in Figure 4 were 0.016 mm, 0.028 mm and 
0.023 mm, respectively. The ratios of the outside diam- 
eter of the cylindrical portion to those of the connecting 
portions f/d and f/e were both 2.92 respectively. The 
ratios of the wall thicknesses of the middle parts of the 
tapered portions to that of the cylindrical portion bl/a 
and b2/a were 1 .75 and 1 .44 respectively. 

Each tapered portion of this crude balloon was 
stretched about 3 times (but the drawing rate of the 
front tapered portion was higher than the drawing rate of 
the rear tapered portion) in the direction of the axis of 
the balloon while heating the tapered portion and con- 
necting portion at about 100 °C by hot air. This crude 
balloon was then inflated again and heated at 90 °C. 

The wall thicknesses of the balloon A, B1. and B2 
shown in Figure 1 were 0.015 mm, 0.017 mm and 0.018 
mm. The ratios of the outside diameter of the cylindrical 
portion to those of the connecting portions F/D and F/E 
were both 2.92 respectively. The ratios of the wall thick- 
nesses of the middle parts of the tapered portions to 
that of the cylindrical portion B1/A and B2/A were 1.13 
and 1.20 respectively. 

Each tapered portion of this balloon was again 
stretched about 1 .2 times in the direction of the axis of 
the balloon while heating the tapered portion and con- 
necting portion at about 100 e C by hot air. The balloon 
was then inflated and heated at 1 50 °C again. Thus the 
balloon of the present invention was obtained. 

The wall thicknesses A, B1, and B2 of the balloon 
shown in Figure 1 were 0.015 mm, 0.010 mm and 0.013 
mm, respectively. The ratios of the outside diameter of 
the cylindrical portion to those of the connecting por- 
tions F/D and F/E were 4.83 and 2.92 respectively. The 
ratios of the wall thicknesses of the middle parts of the 
tapered portions to that of the cylindrical portion B1/A 
and B2/A were 0.67 and 0.87 respectively. 

Example 4 

A double-layer tube with an inside diameter of 0.95 
mm, an outside diameter of 1.17 mm and a length of 
1 ,300 mm was formed of polyethylene and EVA copoly- 
mer and used as the outer tube. An inner layer of the 
tube was formed of polyethylene. An outer layer of the 
tube was formed of EVA copolymer. A tube with an 
inside diameter of 0.5 to 0.55 mm. an outside diameter 
of 0.70 mm and a length of 1,350 mm was formed of 
polyethylene and used as the inner tuba 

A catheter of the construction as shown in Figures 
5 and 6 was made using these tubes to form a tubular 
catheter body and the balloon of example 1 . 
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Example 5 

A balloon catheter was made using the catheter 
body obtained in example 4 and the balloon of example 

2. 

Example 6 


A balloon catheter was made using the catheter 
body obtained in example 4 and the balloon of example 

3. 

Comparative Example 1 

The crude balloon before restretching in example 1 
was used as comparative example 1. The wall thick- 
nesses of the crude balloon a, b1 , and b2 shown in Fig- 
ure 4 were 0.013 mm, 0.020 mm and 0.016 mm, 
respectively. The ratios of the outside diameter of the 
cylindrical portion to those of the connecting portions f/d 
and f/e were 2.31 and 2.00 respectively, and those of 
the wall thicknesses of the middle parts of the tapered 
portions to that of the cylindrical portion b1/a and b2/a 
were 1.54 and 1.23 respectively. 

Comparative Example 2 

A balloon catheter was made using the catheter 
body obtained in example 4 and the crude balloon of 
comparative example 1. 

Comparative Example 3 

The crude balloon before restretching in example 2 
was used as comparative example 3. The wall thick- 
nesses of the crude balloon a. b1 , and b2 shown in Fig- 
ure 4 were 0.011 mm, 0.016 mm and 0.014 mm, 
respectively. The ratios of the outside diameter of the 
cylindrical portion to those of the connecting portions V6 
and Ve were 2.00 and 1 .67. The ratios of the wall thick- 
nesses of the middle parts of the tapered portions to 
that of the cylindrical portion b1/a and b2/a were 1.45 
and 1.27 respectively. 

Comparative Example 4 

The crude balloon before restretching in example 3 
was used as comparative example 4. The wall thick- 
nesses of the crude balloon a, b1 , and b2 shown in Fig- 
ure 4 were 0.016 mm, 0.028 mm and 0.023 mm, 
respectively. The ratios of the outside diameter of the 
cylindrical portion to those of the connecting portions f/d 
and Ve were both 2.92. The ratios of the wall thick- 
nesses of the middle parts of the tapered portions to 
that of the cylindrical portion bl/a and b2/a were 1.75 
and 1 .44 respectively. 


Comparative Example 5 

A balloon catheter was made using the catheter 
body obtained in example 4 and the crude balloon of 
s comparative example 3. 

Comparative Example 6 

A balloon catheter was made using the catheter 
10 body obtained in example 4 and the crude balloon of 
comparative example 4. 

Tests 

15 A syringe was attached to the injection port of the 
balloon catheter of example 4. The balloon was inflated 
by injecting a liquid into the second lumen and then 
folded by sucking the liquid. 

The same tests were conducted on the balloon 

20 catheters of examples 5 and 6 and comparative exam- 
ples 2, 5 and 6. 

The protrusion and angulateness of the wrinkles 
caused by the tapered portions were smaller and softer 
in the balloons of the catheters of examples 4, 5 and 6 

25 than in that of the catheters of comparative examples 2, 
5 and 6 as shown in Figures 7 and 8. 

Claims 

so 1. A catheter balloon (1) made of a polymer and com- 
prising a cylindrical portion (2) of uniform diameter, 
tapered portions (3a, 3b) at the front and rear of the 
cylindrical portion and connecting portions (4a, 4b) 
at the front and rear of the tapered portions, the wall 

35 thicknesses (B) of middle parts of the tapered por- 
tions being equal to or smaller than 1.2 times the 
wail thickness (A) of the cylindrical portion (B/A £ 
1.2), characterized in that the wall thickness of the 
front tapered portion (3a) is thinner than the wall 

40 thickness of the rear tapered portion (3b). 

2. The catheter balloon of claim 1, characterized in 
that the wall thicknesses (B) of the middle parts of 
said tapered portions (3a, 3b) are equal to or 

46 greater than 0.3 times and equal to or smaller than 
0.9 times the wall thickness (A) of said cylindrical 
portion (0.3 s B/A s 0.9). 

3. The catheter balloon of claim 1 or 2. in which said 
so cylindrical portion (2) and said tapered portions (3a, 

3b) are biaxially drawn. 

4. A catheter balloon according to anyone of claims 1 
to 3, characterized in that said tapered portions are 

55 redrawn. 

5. The catheter balloon according to anyone of claims 
1 to 4, in which said polymer is poly(ethylene 
terephthalate), a mixture of poly(ethylene tereph- 
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thalate) and a polyester other than polyethylene 
terephthalate) or polyolefin, or a polyethylene 
terephthalate) copolymer. 

6. A balloon catheter (30) comprising a tubular cathe- s 
ter body (24, 31, 35) and a balloon (1), character- 
ized in that said balloon (1) is as set forth in anyone 
of claims 1 to 5. 

7. A method of manufacturing a catheter balloon (1) 10 
comprising successively: 

forming a tubular parison (1 7) out of a drawaWe 
polymer; 

heating the parison (1 7) at a temperature rang- is 
ing from the second-order transition tempera- 
ture to the first-order transition temperature of 
the polymer used; 

stretching it in the direction of its axis and then 
inflating it radially while heated; 20 
cooling the stretched and inflated parison 
below the second-order transition temperature 
of the polymer; 

deflating it a crude balloon thus Formed hav- 
ing a cylindrical portion (2) of uniform desired 25 
diameter and desired wall thickness, tapered 
portions (3a, 3b) of wall thicknesses thicker 
than desired thicknesses at the front and rear 
of the cylindrical portion and connecting por- 
tions (4a, 4b) at the front and the rear of the so 
tapered portions; and 

redrawing the tapered port ions (3a, 3b) of the 
crude balloon to reduce their wall thicknesses 
to desired thicknesses by stretching the 
tapered portions in the direction of the axis of ss 
the crude balloon, the redrawing rate of the 
front tapered portion (3a) being higher than the 
redrawing rate of the rear tapered portion (3b). 

8. The method of manufacturing a catheter balloon as 40 
in claim 7, characterized in that it successively com- 
prises inflating the crude balloon after said redraw- 
ing, heating is above the second-order transition 
temperature of the polymer, and cooling it. 

4S 

9. The method of manufacturing a catheter balloon as 
in claim 7 or 8 characterized in that said redrawing 
is carried out so that the thicknesses (B) of the mid- 
dle parts of the tapered portions (3a, 3b) become 
equal to or smaller than 1 .2 times the wall thickness so 
(A) of the cylindrical portion (B/A 35 1 .2). 

10. The method of manufacturing a catheter balloon as 
in anyone of claims 7 to 9, characterized in that said 
redrawing is carried out over the tapered portions ss 
(3a, 3b) and connecting portions (4a. 4b) of the 
crude balloon. 


903 B1 16 

11. The method of manufacturing a catheter balloon as 
in anyone of claims 7 to 10, in which said step of 
inflating the tubular parison (17) radially is carried 
out in a metal mold. 

12. The method of manufacturing a catheter balloon as 
in anyone of claims 7 to 11, characterized in that 
said step of inflating the redrawn crude balloon is 
carried out in a metal mold. 

13. The method of manufacturing a catheter balloon as 
in anyone of claims 7 to 12 in which said drawable 
polymer is poly(ethylene terephthalate), a mixture 
of polyethylene terephthalate) and a polyester 
other than polyethylene terephthalate) or polyole- 
fin, or a polyethylene terephthalate) copolymer. 

14 The method of manufacturing a catheter balloon as 
in claim 7 or 13, characterized in that said redraw- 
ing is carried out so that the thicknesses (B) of the 
middle parts of said tapered portions (3a, 3b) are 
equal to or greater than 0.3 times and equal to or 
smaller than 0.9 times the wall thickness (A) of said 
cylindrical portion (0.3 s B/A s 0.9). 

Patentanspruche 

1. Katheterballon (1), hergestelH a us einen Polymer 
und umfassend einen zylinderfOrmigen Abschnrtt 
(2) mit gleichrnfiBigem Durchmesser, sich verjun- 
gende Abschnitte (3a. 3b) an der vbrder- und Hin- 
terseite des zylindrischen Abschnrtts und 
Verbindungsabschnitte (4a, 4b) an der Vbrder- und 
Hinterserte der sich verjungenden Abschnitte, 
wobei cfie Wandstfirken (B) der Mittelteile der sich 
verjungenden Abschnitte gleich oder Weiner ate 1 ,2 
Mai die Wandstdrke (A) des zylindrischen 
Abschnrtts sind (B/A * 1.2), dadurch gekennzeich- 
net, daB die Wandstdrke des vorderen sich verjun- 
genden Abschnrtts (3a) dunner alsdie Wandstftrke 
des hirrteren sich verjungenden Abschnrtts (3b) ist. 

2. Katheterballon nach Anspruch 1 , dadurch gekenrv 
zelchnet, daB die Wandstdrken (B) der Mittelteile 
der sich verjungenden Abschnitte (3a, 3b) gleich 
oder grdfter als 0,3 Mai und gleich oder Weiner ate 
0,9 Mai die WandstflrkB (A) des zylinderfOrmigen 
Abschnrtts sind (0,3 s B/A s 0,9). 

3. Katheterballon nach Anspruch 1 oder 2, bei dem 
der zyfinderformige Abschnrtt (2) und die 6ich ver- 
jungenden Abschnitte (3a. 3b) biaxial gezogen 
sind. 

4. Katheterballon nach einem der AnsprQche 1 bis 3, 
dadurch gekennzelchnet, daB die sich verjungen- 
den Abschnitte nachgezogen sind. 
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5. Katheterballon nach einem der Anspruche 1 bis 4, 
bei dem das Polymer Polyfethyienterephthalat), 
eine Mischung aus Poly(ethylerrterephthalat) und 
einem Polyester verschieden von Poly (ethyl enter- 
ephthalat) Oder Polyolefin oder ein Poly(ethylenter- 
ephtalat)-Copolymer 1st. 

6. Bationkatheter (30) umfassend einen schlauchfOr- 
migen KatheterkOrper (24, 31 , 35) und einen Ballon 
(1), dadurch gekennzelchnel, daB der Ballon (1), 
nach einem der AnsprQche 1 bis 5 ausgefOhrt ist. 

7. Verfahren zur Herstellung eines Katheterballons 
(1), nacheinander umfassend, daB: 

ein schlaucWOrmiger Vorfbrmiing (17) aus 
einem ziehbaren Polymer gefbrmt wird; 
der Vorfbrmiing (17) bei einer Temperatur, die 
von der Umwandlungstemperatur zwerter Ord- 
nung zur Umwandlungstemperatur erster Ord- 
nung des verwendeten Polymers reicht, 
erwarmt wird; 

er in Richtung seiner Achse gereckt wird und er 
dann radial w&hrend des Erwarmens aufgebla- 
sen wird; 

der gereckte und aufgeblasene Vorformling 
unter die Umwandlungstemperatur zwerter 
Ordnung des Polymers gekOhH wird; 
er abgelassen wird, wobei ein derail geformter 
Rohballon einen zylinderfOrmigen Abschnitt (2) 
mit gieichmaBigem gewQnschtem Durchmes- 
ser und gewQnschter Wandstarke, sich verjun- 
gende Abschnitte (3a, 3b) aus Wandstfirken 
dicker als gewQnschte Starken an der Vorder- 
und Hinterseite des zylinderfOrmigen 
Abschnitts und Verbindungsabschnitte (4a. 4b) 
an der Vorderseite und der Hinterseite der sich 
verjQngenden Abschnitte aufweist; und 
die sich verjQngenden Abschnitte (3a, 3b) des 
Rohballons nachgezogen werden, urn ihre 
Wandstarken auf gewQnschte Starken durch 
Recken der sich verjQngenden Abschnitte in 
Richtung der Achse des Rohballons zu vermin- 
dern, wobei das AusmaB des Nachziehens des 
vorderen sich verjQngenden Abschnrtts (3a) 
grOBer als das AusmaB des Nachziehens des 
hinteren sich verjQngenden Abschnitts (3b) ist. 

8. Verfahren zur Herstellung eines Katheterballons 
nach Anspruch 7. dadurch gekennzelchnel, daB 
es nacheinander umfaBt. daB der Rohballon nach 
dem Nachziehen aufgeblasen wird, er Qber die 
Umwandlungstemperatur zweiter Ordnung des 
Polymers erwarmt wird und er gekOhlt wird. 

9. Verfahren zur Herstellung eines Katheterballons 
nach Anspruch 7 oder 8, dadurch gekennzelch- 
nel, daB das Nachziehen derart ausgefOhrt wird, 
daB die Starken (B) der Mittelteile der sich verjQn- 


genden Abschnitte (3a, 3b) gleich oder Weiner als 
1,2 mal die Wandstarke (A) des zylinderfOrmigen 
Abschnitts werden (B/A s 1,2). 

5 10. Verfahren zur Herstellung eines Katheterballons 
nach einem der Anspruche 7 bis 9, dadurch 
gekennzeichnet, daB das Nachziehen Qber die 
sich verjQngenden Abschnitte (3a, 3b) und Verbin- 
dungsabschnitte (4a, 4b) des Rohballons ausge- 

10 fQhrtwird. 

11. Verfahren zur Herstellung eines Katheterballons 
nach einem der Anspruche 7 bis 10, bei dem der 
Schrrtt des Aufblasens des schlauchfOrmigen Vor- 

15 formlings (17) radial in einer MetalHbrm ausgefOhrt 
wird. 

12. Verfahren zur Herstellung eines Katheterballons 
nach einem der Anspruche 7 bis 11, dadurch 

20 gekennzeichnet, daB der Schritt des Aufblasens 
des hachgezogenen Rohballons in einer Metallfbrm 
ausgefOhrt wird. 

13. Verfahren zur Herstellung eines Katheterballons 
2S nach einem der AnsprQche 7 bis 12 bei dem das 

ziehbare Polymer Poly(ethylerrterephthalat), eine 
Mischung aus Poly(ethylerrtereprrthalat) und einem 
Polyester verschieden von Poly(ethylenterephtha- 
lat) oder Polyolefin, oder ein Poly(ethylenterephtha- 
30 lat)-Copo!ymer ist 

. 14. Verfahren zur Herstellung eines Katheterballons 
nach Anspruch 7 oder 13, dadurch gekennzelch- 
nel, daB das Nachziehen derail ausgefOhrt wird, 
as daB die Starken (B) der Mittelteile der sich verjQn- 
genden Abschnitte (3a. 3b) gleich oder grOBer als 
0,3 Mal und gleich oder Weiner als 0,9 Mal die 
Wandstarke (A) des zylinderfOrmigen Abschnitts 
sind (0,3 % B/A s 0,9). 

40 

Revendications 

1 . Ballonnet de catheter (1) fait d'un potymere et com- 
prenant une partie cylindrique (2) de diametre uni- 

46 forme, des parties coniques (3a, 3b) k I'avarrt et k 
I'arriere de la partie cylindrique et des parties de 
raccordemerrt (4a, 4b) k I'avant et k I'arriere des 
parties coniques, I'epaisseur de paroi (B) des par- 
ties du milieu des parties coniques etant irtf6rieure 

so ou egale k 1,2 fois I'epaisseur de paroi (A) de la 
partie cylindrique (B/A * 1 ,2), caracteris6 en ce que 
I'epaisseur de paroi de la partie conique avant (3a) 
est plus petite que I'epaisseur de paroi de la partie 
conique arriere (3b). 

55 

2. Ballonnet de catheter selon la revendication 1, 
caracterise en ce que I'epaisseur de paroi (B) des 
parties du milieu desdites parties coniques (3a, 3b) 
est superieure ou egale k 0,3 fois I'epaisseur de 
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parol (A) de ladite parte cylindrique et est inf6- 
rieure ou 6gale k 0,9 fois repaisseur de parol (A) de 
ladite parte cylindrique (0,3 sB/As 0,9). 

3. Ballonnet de catheter 6elon (a revendication 1 ou 2, s 
dans lequel lacfite partie cylindrique (2) et iesdites 
parties coniques (3a, 3b) sortt 6tir6es biaxialement 

4. Ballonnet de catheter selon Pune quelconque des 
revendications 1 k 3, caracterise en ce que Iesdites io 
parties coniques sort r66tir6es. 

5. Ballonnet de catheter selon Tune quelconque des 
revendications 1 k 4, dans lequel ledit polymere est 

du poly(t6r6phtalate d'ethyiene), un melange de is 
poly(t6r6phtalate d'ethyiene) et (fun polyester autre 
que le poly(t6r6phtalate d'ethyiene) ou une polyoie- 
fine, ou bien un copolym&re de poly(t6r6phtaiate 
d'ethyiene). 

20 

6. Catheter k ballonnet (30) comprenant un corps de 
catheter tubulaire (24, 31, 35) et un ballonnet (1), 
caracterise en ce que ledit ballonnet (1) est tel que 
revendique dans Tune quelconque des revendica- 
tions 1 & 5. 25 

7. Proc6d6 de fabrication d'un ballonnet de catheter 
(1) comprenant successivement : 

• la formation cTune paraison tubulaire (17) k so 
partir d'un polymere etirable. 

- le chauffage de la paraison (17) k une tempe- 
rature allant de la temperature de transition du 
second ordre k la temperature de transition du 
premier ordre du polymere utilise, 35 

- retirage de cette paraison dans la direction de 
son axe et son gonflage radial pendant qu'elle 
estchauffee, 

- le refroidissement de la paraison tubulaire 6ti- 
r6e et gonfiee en-dessous de la temperature 40 
de transit ion du second ordre du polymere, 

- son degonflage pour former un ballonnet cru 
comprenant ainsi une partie cylindrique (2) 
dun diamdtre uniforme voulu et d'une 6pais- 
seur de paroi d6sir6e, des parties coniques 45 
(3a, 3b) ayant une 6paisseur de paroi plus forte 
que repaisseur souha*rt6e £ I'avant et k I'arriere 

de la parte cylindrique et des parties de rac- 
condement (4a, 4b) k I'avant et k I'arriere des 
parties coniques, et so 

- un re-etirage des parties coniques (3a, 3b) du 
ballonnet cru af in de reduire leur epaisseur de 
parol k la valeur souhaitee par etirage des par- 
ties coniques dans la direction de I'axe du bal- 
lonnet cru, le degre de re-etirage de la partie 65 
conique avant (3a) etant plus 6lev6 que le 
degre de re-etirage de la partie conique arriere 
(3b). 


& Precede de fabrication d'un ballonnet de catheter 
selon la revendication 7, caract§ris6 en ce qull 
comprend successivemertt le gonflage du ballonnet 
cru apr&s ledit re-etirage, son chauffage au-dessus 
de la temperature de transition du second ordre du 
polymere et son refroidissement. 

9. Proc6d6 de fabrication d'un ballonnet de catheter 
selon la revendication 7 ou 8, caracterise en ce que 
ledit re-etirage est effectuS de telle sorte que 
repaisseur de paroi (B) des parties du milieu des 
parties coniques (3a, 3b) devienne inferieure ou 
egale k 1 ,2 fois repaisseur de paroi (A) de la parte 
cylindrique (B/A s 1,2). 

10. Precede de fabrication d'un ballonnet de catheter 
rune quelconque des revendications 7 & 9, caracte- 
rise en ce que ledit reetirage est effectu6 sur les 
parties coniques (3a, 3b) et sur les parties de rac- 
cordemerrt (4a, 4b) du ballonnet cru. 

11. Precede de fabrication d'un ballonnet de catheter 
Tune quelconque des revendications 7 k 10. dans 
lequel ladite etape de gonflage radial de la paraison 
tubulaire (17) est effectuee dans un moule m6talli- 
que. 

12. Precede de fabrication d'un ballonnet de catheter 
l'une quelconque des revendications 7 k 11, carac- 
terise en ce que ladite etape de gonflage du ballon- 
net cru re-etir6 est effectuee dans un moule 
metallique. 

13. Precede de fabrication d'un ballonnet de catheter 
l'une quelconque des revendications 7 k 12, dans 
lequel ledit polymere etirable est du poly(terephta- 
late d'ethyiene), un melange de poly{t6r6phtalate 
d'ethyiene) et d'un polyester autre que le 
poly(terephtalate d'ethyiene) ou une poiyoiefine, ou 
bien un copolym&re de poly(t6r6phtalate d'ethy- 
iene). 

14. Precede de fabrication d'un ballonnet de catheter 
selon la revendication 7 ou 13, caracterise en ce 
que ledit re-etirage est effectue de telle sorte que 
repaisseur de paroi (B) des parties du milieu desdi- 
tes partes coniques (3a, 3b) est superieure ou 
egale k 0.3 fois repaisseur de paroi (A) de ladite 
partie cylindrique et est inferieure ou egale k 0,9 
fois repaisseur de paroi (A) de ladite partie cylindri- 
que (0,3 s B/A £ 0,9). 
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